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157] ABSTRACT

A rolling bearing having an inner ring, outer ring and
rolling element, at least one of these elements being
made of one of the following first, second or third medi-
um-carbon manganese steels. The first medium-carbon
manganese steel includes C: 0.4 to 0.7 wt. %, Si: 0.15 to
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1
ROLLING BEARING

CROSS-REFERENCE TO CO:PENDING
RELATED APPLICATIONS

This invention relates to co-pending applications Ser.
Nos. 143,389, and 225,899, filed January 13, 1988 and
July 29, 1989, respectively, by the named inventors.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to rolling bearings used
with automotive vehicles, argicultural machinery, con-
struction machines, machines relating to the iron and
steel industry, and the like. The present invention re-
lates more particularly to long-life rolling bearings re-
quired for use in a vehicle transmission and a vehicle
engine.

2. Description of the Related Art

Heretofore, a rolling bearing with a long rolling
contact fatigue life (hereinafter, also referred to as a life)
which 1s required for use in an automotive vehicle and
used under a high bearing employs low-carbon case
hardened steels with a good hardenability, such as
SCR420H, SCM420H, SAE8620H and SAE4320H,
because a hardness transition curve must be determined
in order to match an internal shearing stress distribution
caused by a contact surface pressure. These low-carbon
case hardened steels are subject to carburizing or carbo-
nitriding in order to increase the hardness of the overall
rolling bearing so that the surface hardnesses of inner
and outer rings, and rolling elements of the rolling bear-
ing are HRC of 58 to 64 and the core hardnesses thereof
are HRC of 30 to 48.

U.S. Pat. No. 4,191,599 discloses a first prior-art long-
life rolling bearing in which a high-carbon alloy steel is
heated under a carburizing atmosphere so that the Ms
point of the surface of the high-carbon alloy steel is
lower than that of the core thereof, and then quenched
to transform in the form of thermal stress so that a resid-
ual compressive stress remains in the surface of the
resulting high-carbon alloy steel.

U.S. Pat. No. 4,023,988 discloses a second prior-art
long-life rolling bearing employing a hot forming low-
alloy steel, an alloying element of which is selected
from the group of C: 0.6 to 1.5 wt. %, Cr, Mn, Ni, Cu
and Mo and further including a refined carbide.

In addition, the copending U.S. patent applications
~ Ser. Nos. 225,899 and 143,389 of the present inventors
relate to the present patent application.

In the above-mentioned prior-art, for case hardened
steels SCR420H etc., used when a carburized-and-hard-
ened layer or case is designed to be deeper, a carburiz-
Ing process must be carried out at a high temperature
for a long time because the amount of base carbon is
low. Thus the productivity of the heat treatment is low.
On the other hand, when the amount of surface carbon
i1s high, a pro-eutectoid cementite tends to easily appear
because the content of Cr of case hardened steel
SCR420H is high, so that the rolling contact fatigue life
of a rolling bearing made of case hardened steel
SCR420H is shortened. Therefore, in accordance with
SAER620H and SAE4320H, the chromium content is
decreased and other metal elements Ni and Mo are
added mn order to secure the hardenabilities of SA-
E8620H and SAE4320H. Thus, the material cost is
high. In addition, when the case hardened steels SA-
E8620H and SAE4320H are subject to carburizing or
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carbonitriding, crystal grains occasionally grow
coarsely, resulting in a source of stress concentration so
that the rolling contact fatigue life of the rolling bearing
made of case hardened steel SAE8620H or SAE4320H
1s low.

In addition, other prior-art materials require a high
cost in order to produce a long-life rolling bearing be-
cause these prior-art materials include expensive Mo, Ni
and Cr. The bearing of U.S. Pat. No. 4,023,988 requires
a need for a complicated heat treatment, e.g., spheroi-
dizing anneal, rough forming or hardening austenizing,
in order to produce a refined carbide. Thus, the produc-
tivity of the heat treatment must be decreased.

The bearing of U.S. Pat. No. 4,191,599 includes rela-
tively great amounts of expensive elements Mo, W and
Cr and, thus, has a high cost. In addition, a single mech-
anism of this prior-art producing a residual compressive
stress 1n a surface cannot provide a long-life rolling
bearing under lubrication with a foreign matter. That is,
causes other than the above-described decrease in the
roliing contact fatigue life include a flaking caused by
microcracks propagating from a damage or impression
in a surface layer of the rolling bearing by foreign mat-
ters, e.g., metal chips, shavings, burrs, and abrasion
powder mixed with a bearing lubricant, and a nonmetal-
lic inclusion enclosed in the body of the rolling bearing
and constituting a source of stress concentration be-
cause the nonmetallic inclusion has a high hardness and
a low plastic deformability.

The rolling contact fatigue life also decreases because
the stress concentration cannot be sufficiently moder-
ated at the site of the nonmetallic inclusion. In addition,
none of the above described rolling bearings can suffi-
ciently suppress cracking in dependence on a working
ration when they are subject to a preworking, e.g.,
forging.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a °
rolling bearing a material cost which will not increase
and a producitivity of heat treatment of which is good.
Another object is to provide a rollling bearing having a
longer life than prior-art rolling bearings even when the
rolling bearing is used under not only a clean lubrication
but also a lubrication with a foreign matter. Another
object is to provide a rolling bearing which experiences
no cracking during a preworking, e.g., forging with a
high working ratio. |

In order to achieve the objects of the present inven-
tion, in an inventive rolling bearing comprising an inner
ring; an outer ring; and a rolling element, at least one of
said inner ring, outer ring and rolling element is made of
a medium-carbon manganese steel consisting essentially
of C: 0.4 to 0.7 wt. %, S1: 0.15 to 1.2 wt. %, Mn: 1.2 to
1.7 wt. %, Al: 200 to 300 ppm, Ti: below or equal to 40
ppm, N: 100 to 200 ppm, S: below or equal to §0 ppm,
O: below or equal to 9 ppm and the balance of Fe. The
medium-carbon manganese steel is subject to carburiz-
ing or carbo-nitriding to form a surface layer or case of
the resulting case-hardened medium-carbon manganese
steel including a 25 to 45 vol. % retained austenite.

The medium-carbon manganese steel of the present
invention may further include at least one of Bb: 0.03 to
0.08 wt. % and V: 0.1 to 0.15 wt. %.

A rolling bearing of a second aspect of the present
Invention comprises an inner ring; an outer ring; and a
rolling element, in which at least one of said inner ring,
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outer ring and rolling element is made of a medium-car-
bon manganese steel consisting essentially of C: 0.4 to
0.7 wt. %, Si: 0.15t0 1.2 wt. %, Mn: 1.2 to 1.7 wt. %,
Ti: below or equal to 40 ppm, S: below or equal to 80

ppm, O: below or equal to 9 ppm, at least one of Nb:
0.03 to 0.08 wt. % and V: 0.1 to 0.15 wt. % and the

balance of Fe. The medium-carbon manganese steel is
subject to carburizing or carbo-nitriding to form a case
of the resulting case-hardened medium-carbon manga-
nese steel including a 25 to 45 vol. % retained austenite.

The medium-carbon manganese steel of the rolling
bearing of the second aspect of the present invention
may include an average crystal grain size number of 8
after the medium-carbon manganese steel is subject to
carburizing or carbo-nitriding.

The present invention can provide a rolling bearing
having a good heat treatment productivity without
increasing material costs because the present invention
does not require the expensive metal elements Mo, Ni or
Cr nor a need for a long-term complicated heat treat-
ment. |

The present invention can provide a rolling bearing
having a longer operating life under not only lubrica-
tion with foreign matter but also clean lubrication than
prior-art rolling bearings because a predetermined
amount of the retained austenite is present in the case of
the case-hardened medium-carbon manganese steel, the
grain growth coarsening during carburizing or carbo-
nitriding is prevented, and the amount of a nonmetal
inclusion is limited.

The present invention can provide a rolling bearing
which will not experience cracking during a prework-
ing, e.g., forging with a high working ratio, because the
amount of S 1s limited.

One embodiment of the present invention can pro-
vide a longer life rolling bearing because of a further
refining of crystal grains in addition to the above advan-
tages of the present invention.

Another embodiment of the present invention can
provide a longer life rolling bearing in addition to the
above advantages because the case-hardened medium-
carbon manganese steel of the rolling bearing has a
crystal microstructure in which the average grain size

number 1s 8 even after the carburizing or carbo-nitrid-
ing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a graph illustrating the relation between
rolling contact fatigue life under lubrication with a
foreign matter and the amount of retained austenite;

FIG. 2 1s a sectional view of an impression with stress
distribution being illustrated:

FIG. 3 is a graph illustrating the relation between the
value r/c and an amount g, the graph illustrating that
the value r/c is saturated relative to the amount yg;

FIG. 4 is a graph illustrating the relation between the
amount of solution carbon C or solution carbon-and-
nitrogen C+-N and the amount y of retained austenite;

FIG. 5 is a graph illustrating the relation between
temperature and the time of carburizing plus direct
quenching;

FIG. 6 1s a graph similar to FIG. 5 and illustrating the
relation between temperature and the time of carbo-
nitriding;

FIG. 7 1s a graph illustrating the relation between
average grain size number and bearing life Ljg; and

F1G. 8 1s a graph illustrating the relation between the
content of S and the cracking ratio.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The inventors have attempted to increase the life of a

rolling bearing steel and the preworking cracking and
have discovered various relations between an amount of

the retained austenite of the surface layer of the rolling
bearing steel and the life of the rolling bearing steel,
relations between the crystal grain size and the life of
the rolling bearing and relations between a sulfur con-
tent and a cracking ratio during a preworking. Thus, the
inventors have made the present inventions as defined
in the attached claims from the above discoveries.

The reasons that the present invention employs the
medium-carbon steel with a 0.4 to 0.7 wt. % of C will be
described hereinafter.

The mventors have discovered that the 25 to 45 vol.
% of the retained austenite of the bearing steel surface

~ layer increased the life of the rolling bearing operating

under lubrication with foreign matter. An amount of
surface carbon must be increased in order to maintain
the amount of the retained austenite of the bearing steel
surface layer in the range of the above value. However,
a pre-eutectoid harmful to the rolling contact fatigue
life tends to easily appear because the contents of Cr of
SCR420H and SCH420H are high. As these contents of
C are reduced, the hardenabilities of the bearing steels
are reduced, so that hardened layer depths required for
a rolling bearing cannot be obtained. In accordance
with the present invention, when the content of Cr is
below 0.35 wt. %, Mn is added in order to prevent the
hardenability from being reduced by a reduction in the
content of Cr. The medium-carbon manganese steel rich
in a base carbon amount is employed in order to sup-
press an occurrence of the pro-eutectoid, and the
amount of the retained austenite of the bearing steel
surface layer is in the range of 25 to 45 vol. %, whereby

- arequired hardened layer depth is obtained.

45

50

55

63

‘under lubrication with

An operation of the retained austenite, which is a
characteristic of the present invention, will be described
hereinafter with reference to FIGS. 1 through 4.

As shown in FIG. 2, when the rolling bearing is used
foreign matter, repeated
contacts of a surface of each of the inner ring, outer ring
and rolling element with the foreign matter produce an
impression therein. As understood from a sectional
view of the impression shown in FIG. 2, the impression
has an edge receiving the maximal stress Pmax. The
radius of curvature of the edge and the radius of the

‘impression have close relations with the presence of the

retained austenite as described hereinafter. Normally,
the retained austenite is soft and, for example, has a Hv
300 hardness (however, this is changable depending on
the content of carbon of a material). Therefore, when
the retained austenite is present in the case at a desired
ratio, a stress concentration at the edge of the impres-
sion can be moderated, so that the propagation of a
microcrack occurring in the impression after the im-
pression occurs can be retarded. The retained austenite
in the case is transformed into a martensite and hard-
ened by a transformation energy applied to a surface of
the case once the number of relative passes of a mating
element (e.g., bearing rings relative to the rolling ele-
ment) passing past the impression during a rolling of the
rolling element exceeds a predetermined value.

FIG. 3 illustrates a relation between an r/C value and
an amount yr of the retained austenite.
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In order to reduce the rate Pmax/Po (i.e,. moderate
the stress concentration), the radius of curvature r had
to be increased when the radius ¢ of the impression is
fixed. That is, the value r/c is a factor reflecting a de-
gree of moderation of the stress concentration. Increas- 5
ing this value increases the life of the rolling bearing.
However, as shown in FIG. 3, even when the ratio of
the amount yg of the retained austenite is increased, the
value r/C is saturated at the predetermined level and
will not increase beyond a fixed value. In particular, 10
when the amount yg of the retained austenite is equal to
or above 45 vol. %, this saturation is prominent so that
the value r/C 1s essentially saturated. Therefore, even if
the amount g of the retained austenite is equal to or
above 45 vol. %, the surface hardness is caused to de- 15
crease, so that the rolling contact fatigue life is short-
ened.

Critical significances of the numerical limitations of
the present invention defined in the accompanying
claims will be described hereinafter.

An apparent from the relation between the life of the
rolling bearing and the amount yg (vol. %) of the re-
tained austenite illustrated in FIG. 1, the life of each of
the inner ring, outer ring and rolling element operating
under lubrication with foreign matter, i.e.,, a rolling 25
contact fatigue life L1o defined by an elapsed time up to
flaking changes in response to a change in the amount
vRr of the retained austenite.

That is, when the amount yg of the retained austenite
Is equal to or above 25 vol. %, the rolling contact fa-
tigue life Ljpincreases and, on the other hand, when the
amount 7yg of the retained austenite is above 45 vol. %,
the rolling contact fatigue life Ljg rapidly decreases.
Therefore, the amount yg of the retained ausenite of the
surface layer of each of the inner ring, outer ring and
rolling element has to be in the range of at least 25 to 45
vol. %.

In particular, an amount ygr of retained austenite
above 45 vol. % 1s not preferable because the surface
hardness of each of the inner ring, the outer ring and the
rolling element decreases after carburizing or carbo-
nitriding.

In order to secure the life equal to or above that of a
prior-art rolling bearing made of a cemented steel, the
HRC of the rolling element is preferably equal to or
above 63 and the HRCs of the inner and outer rings are
preferably equal to or above 58. In order to achieve this
state, the amount yg of the retained austenite has to be
below or equal to 45 vol. %. -

- The experimental conditions of FIG. 1 are as follows:

A ball bearing life testing machine made by Nippon
Seiko K. K. was employed, and a lubricant including a
turbine oil (FBK oil RO 68 made by NIPPON OIL
CO., LTD.) and 10 ppm steel power (hardness: Hv 300
to 500, grain size: 80 to 160 um) was employed and the
test rolling bearing was tested under a 600 kgf bearing
load (radial load) at 2,000 rpm bearing rotation speed.

The operation of included elements of the medium-
carbon steel employed in the present invention and the
~critical significances of the contents of the elements will
now be described.
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Al

Al forms an oxide-system nonmetallic inclusion, e.g.,
Al;Os. The hardness of Al,O3 is high and the plastic
deformability of Al,O3 is low, so that Al,O3 provides a
source of stress concentrations and causes the rolling
contact fatigue life to decrease. Therefore, a content of

635

6

Al had to be reduced in order to increase the life of the
rolling bearing. On the other hand, Al had to be precipi-
tated 1n the form of AIN in a grain boundary in order to
prevent a crystal grain from coarsely growing during
carburizing or carbo-nitriding.

In accordance with the present invention, the content
of Al 1s 200 to 300 ppm. When the content of Al is

below 200 ppm, the crystal grain grows coarsely, so

that the rolling contact fatigue life is shortened. On the

other hand, when the content of Al is above 300 ppm,
an amount of Al»O3 increases and adversely affects the
life of the rolling bearing.

Ti

Ti appears as a nonmetal inclusion in the form of TiN.
The hardness of TiN is high and the plastic deformabil-
ity of TiN is low, so that TiN provides a source of stress
concentration and is harmful to the rolling contact fa-
tigue life. Therefore, the content of Ti had to be re-
duced as greatly as possible and the upper limit of the
content of I1 is 40 ppm.

N

N is required in order to form AIN and suppress the
crystal grain from coarsely growing. However, when
the content of N was high, the amount of TiN constitut-
ing a nonmetallic inclusion was high. Therefore, in
accordance with the present invention the content of N
1s 100 to 200 ppm. When the content of N is below 100
ppm, a precipitation amount of AIN is insufficient, so
that the crystal grain coarsely grows. On the other
hand, when the content of N is above 200 ppm, the
amount of Tin is high, so that the rolling contact fatigue
life 1s shortened.

S

S 1s a cause producing a sulfide-system nonmetallic
inclusion, e.g., MnS. The hardness of MnS is low and
the plastic deformability of MnS is high, so that MnS
operates as a starting point of cracking in at least one of
the inner ring, outer ring and rolling element during a
preworking, e.g., forging and rolling. Therefore, in
order to prevent cracking during the preworking and to

allow a harder working, a content of S had to be re-
duced. Thus the upper limit of the content of S is 80

O

Since O reduces the rolling contact fatigue life as an
oxide-system nonmetallic inclusion producing element,
the content of O has to be reduced as greatly as posssi-
ble. Thus the upper limit of the content of O is 9 ppm.

Si

S11s required as a deoxidizer, so that the content of St
is 0.15 to 1.2 wt. %.. When the content of Si is below
0.15 wt. % the deoxidation effect is insufficient. On the
other hand, even when the content of Si is above 1.2 wt.

%, the deoxidation effect iseconstant. Thus the content
of Si 1s in the above range.

Mn

Mn 1s required in order to compensate for a reduction
in hardenability due to a reduction in the content of Cr.
Thus, the content of Mn is 1.2 to 1.7 wt. %. When the
content of Mn is below 1.2 wt. %, the hardenability of
the rolling bearing steel could not be improved. On the
other hand, when the content of Mn is above 1.7 wt. %,
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the hardness of the rolling bearing steel increases and
the forgability or machinability of the rolling bearing
steel were reduced.

Nb, V

Nb and V are effective elements in order to precipi-
tate in a grain boundary in themselves, to suppress the
grain boundary from coarsely growing and to refine

crystal grains of the grain boundary so that the life of
the rolling bearing is increased. Nb and V also are effec-
tive in reinforcing a grain growth coarsening prevent-
ing operation of AIN.

That is, when a high-temperature heat treatment (at a
temperature of 950° to 970° C.) or a long-term heat
freatment 1s carried out in order fo shorten the carburiz-
ing time or carbo-nitriding time, single AIN could not
sufficiently prevent the crystal grain from coarsely
growing. Therefore, in accordance with the invention,
at least one of Nb: 0.03 to 0.08 wt. % and V: 0.1 to 0.15
wt. % was added to the medium-carbon manganese
steel.

Alternatively, in accordance with the invention, at
least one of Nb: 0.03 to 0.08 wt. % and V: 0.1 to 1.5 wt.
% instead of Al and N is added to the medium-carbon
manganese steel in order to prevent the crystal grain
from coarsely growing.

When the content of Nb is below 0.03 wt. % and the
content of V 1s below 0.1 wt. %, the effect of preventing
the crystal grain from coarsely growing is low. On the
other hand, even when the content of Nb is above 0.08
wt. % and the content of V is above 0.15 wt. %, the
effect of preventing the crystal grain from coarsely
growing increases and the cost is high.

A critical significance of the value of a base carbon of

a carbon steel employed in the present invention will
now be described.

When the ratio of the base carbon is below 0.4 wt. %,
the carburnizing time or carbo-nitriding time increases
and the productivity of heat treatment decreases. A
medium-carbon manganese steel employed in the pres-
ent invention is of a type not containing an element, e.g.
Cr or Mo, increasing the hardenability. When the
amount of the base carbon is below 0.4 wt. %, the hard-
enability is insufficient so that a sufficient hardening
depth can not be obtained.

On the other hand, when the amount of the base
carbon 1s above 0.7 wt. %, the amount of carbon infil-
trating due to carburizing is low and a ratio or carbon
infiltrating due to carburizing is low and a ratio of car-
bon infiltrating a matrix and forming a solid solution
with the matrix is low, so that a heterogeneous solid
solution appears and the rolling contact fatigue life is
shortened. Therefore, the amount of the base carbon is
selected to be in the range of 0.4 to 0.7 wt. %.

As shown in FIG. 4, when the carbon steel with the
amount of the base carbon in the above range was sub-
ject to carburizing or carbo-nitriding so that an amount
of a solution carbon or solution carbon-and-nitrogen
was adjusted to be in the range of 0.8 to 1.1 wt. %, the
amount of the retained austenite could fall within the
range of 25 to 45 vol. %. When the carbon steel with the
amount of the base carbon in the above range is subject
to carburizing or carbo-nitriding, carbon atoms and
nitrogen atoms uniformly diffuse between Fe atoms and
form a solid solution with the Fe atoms to reinforce the
carbon steel, so that an occurrence of a microcrack at a
position at which the maximal shearing stress occurs
could be retarded and the rolling contact fatigue life
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increased under not only lubrication with foreign mat-
ter but also clean lubrication.

As defined in claim 4, the grain size of the medium-
carbon steel forming the rolling bearing is refined to be
equal to or above 8 in terms of grain size number even

after carburizing or carbo-nitriding, so that a long-life
rolling bearing can be provided.

EMBODIMENT

The preferred embodiment of the present invention
will now be described. _

Samples of a prior-art carbon steel SMN443 in which
contents of Al, S and N are dissolved to provide test
piece materials. The following Tabel 1 shows the com-
position of each test piece material.

TABLE 1
Test
Piece
Material
- No. C §i Mn S Al TiN O Nb \
1 0.420.25 1.52 70 22040140 9 — —
2 0.430.26 148 150 60 40 50 8 — —
3 0.43 0.25 1.47 180 250 30160 8 — —
4 0.41 0.27 147 110 170 20120 7 — —
5 042 023 1.51 5 23020 70 9 — —
6 040021 1.50 140 240 20130 7 005 —
7 0.41 0.22 1.48 60 240 30140 7 — 0.1
8 0.410.19 145 40 15040 70 9 0.07 —
9 - 045023 1.60 60 350 20110 7 — _—
10 044028 1.50 60 250 30130 8 0.1 0.21
11 0.44 0.21 1.45 70 270 30150 8 0.01 0.07

< Contents of §, Al, Ti, N and O are expressed in terms of ppm, the others are
expressed In terms of wt. %. >

Next, a plurality of test piece materials listed in Table
1 are subject to a 930° C. X 8 hr heat treatment and the
grain size was examined. Table 2 shows the results of
this examination.

TABLE 2
Test
plece Grain Average Bearing Cracking
material size grain size life ratio

No. number number Lig X (109 (%)

i 7-10 9 12 0

2 1-10 4 5 70

3 8~10 9.5 17 100

4 5-10 0 8.5 20

5 6-9 7 9.5 0

6 10-12 10.5 24 80

7 10-12 11 20 0

8 9-11 10 19 0

9 8-10 9.5 7.4 0
10 10-12 10.5 21 0 -
11 g8-10 9 15 0

Rolling Contact Fatigue Life Test

Each test piece material listed in Table 1 was subject
to carburizing or carbo-nitriding and test pieces in
which an amount of the retained austenite was adjusted
to be 25 to 45 vol. % were prepared.

Conditions of heat treatment for the present embodi-
ment will now be described. As shown by the graph of
FIG. §, a direct quenching immediately after carburiz-
ing was carried out under an atmosphere of an Rx gas
plus an enriched gas at 930° C.£5° C. for about 8 hours
and then temper was carried out at 160° C. for 2 hours.
As shown by in the graph of FIG. 6, a carbo-nitriding
was carried out under an atmosphere of an Rx gas plus
an enriched gas plus 5% ammonia at 830° to 870° C. for
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about 3 to 4 hours. Then an oil quenching was carried
out.

Disc-shaped test pieces applicable to both the inner
and outer rings of the rolling bearing were made of test
pieces subject to the above carburizing or carbo-nitrid-
ing. A rolling contact fatigue life test on each disc-
‘shaped test piece ws carried out by means of a testing
machine disclosed on “page 10 to 21, Special Steel Man-
nual (First eddition)” edited by Electrosteelmaking
Research Institute, published by Rikohgakusha, May
25, 1965.

Conditions of this test are as follows:

Pmax =560 kgf/mm2, N=3000 c.p.m.

Lubricating oil #68 turbine oil

Table 2 and FIG. 7 show the results of this rolling
contact fatigue life. FIG. 7 illustrates the relation be-
tween an average crystal grain size number of each test
piece material and a bearing life L1g as defined by the
number of stress cycles caused by rolling. As under-
stood from FIG. 7, as the average grain size number,
1.e., grain size, decreases, the value Ljgincreases, so that
the rolling contact fatigue life increases.

‘The contents of Al and N 1in test piece material No. 2
are low, the content of Al in test piece material No. 4 is
low and the content of N in test piece material No. 5 is
low, so that the values L g of test piece materials Nos. 2,
4 and S are low. On the other hand, the contents of Al
and N in test pieces Nos. 1 and 3 are in the inventive
range, so that the values Ljg of test piece materials Nos.
1 and 3 are good.

Cracking Test
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Cylindrical test pieces of 20X 30 mm were made of 35

the test piece materials listed in Table 2 and subject to
cold working (i.e., cold forging) at a 80 % upsetting
ratto. Cracking ratios were checked. Ten cylindrical
test pieces were made of each of the above test piece
materials. Table 2 and FIG. 8 illustrate the results of the
test on the cracking ratios. FIG. 8 is a graph represent-
ing the relation between the content of S in each test
piece material and a cracking ratio.

As shown in Table 2, the content of S in each of test
piece materials Nos. 2, 3, 4 and 6 is great, so that test
piece materials Nos. 2, 3, 4 and 6 experienced cracking.
In particular, each of the test piece materials Nos. 3 and
6 has a small grain size and a great value Lo, however,
~ cracking could not be avoided because the contents of S
in test piece materials Nos. 3 and 6 were great as de-
scribed above.

FIG. 8 teaches that when the contents of S in test
- plece materials are low, cracking ratios are low and in
particular, the cracking ratio is zero when the content
of S is below or equal to 80 ppm. Therefore, when the
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content of S is below or equal to 80 ppm, a harder work-
ing could be carried out.

The rolling contact fatigue life test of the above em-
bodiment showed lives of disc-shaped test pieces appli-
cable to both the inner and outer rings of the rolling
bearing. Likewise, similar results of the same rolling
contact fatigue life test as above-described were ob-
tained even when the rolling element of the rolling
bearing-was made of the same material as the inner and
outer rings of the rolling bearing.

What is claimed is:

1. A rolling bearing, comprising: an inner ring; an
outer ring; and a rolling element, at least one of said
inner ring, outer ring and rolling element being made of
a medium-carbon manganese steel consisting essentially
of C: 0.4 to 0.7 wt. %, Si: 0.15 to 1.2 wt. %, Mn: 1.2 to
1.7 wt. %, Al: 200 to 300 ppm, Ti: below or equal to 40
ppm, N:100 to 200 ppm, S: below or equal to 80 ppm, O:
below or equal to 9 ppm and the balance of Fe, the
medium-carbon manganese steel having been subjected
to one of carburizing or carbo-nitriding such that a case
of the resulting case-hardened medium-carbon manga-
nese steel includes 25 to 45 vol. % retained austenite.

2. The rolling bearing as defined in claim 1, wherein
the medium-carbon manganese steel ‘further consists
essentially of at least one of Nb: 0.03 to 0.08 wt. % and
V: 0.1 to 0.15 wt. %.

3. A rolling bearing, comprising: an inner ring; an
outer ring; and a rolling element, at least one of said
Inner ring, outer ring and rolling element being made of
a medium-carbon manganese steel consisting essentially
of C: 0.4 to 0.7 wt. %, Si: 0.15 to 1.2 wt. %, Mn: 1.2 to
1.7 wt. %, Ti: below or equal to 40 ppm, S: below or
equal to 80 ppm, O: below or equal to 9 ppm, at least
one of Nb: 0.03 to 0.08 wt. % and V: 0.1 to 0.15 wt. %,
and the balance of Fe, the medium-carbon manganese
steel having been subjected to one of carburizing or
carbo-nitriding such that a case of the resulting case-
hardened medium-carbon manganese steel includes 25
to 45 vol. % retained austenite.

4. The rolling bearing as defined in claim 1, wherein
the medium-carbon manganese steel has the average
crystal grain size number of 8 after the medium-carbon
manganese steel is subject to one of carburizing or car-
bo-nitriding.

5. The rolling bearing as defined in claim 2, wherein
the medium-carbon manganese steel has the average
crystal grain size number of 8 after the medium-carbon
manganese steel is subject to one of carburizing or car-
bo-nitriding.

6. The rolling bearing as defined in claim 3, wherein
the medium-carbon manganese steel has the average
crystal grain size number of 8 after the medium-carbon
manganese steel is subject to one of carburizing or car-

bo-nitriding.
. S x ¥ X
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